In this paper, a fully developed turbulent flow of water in a porous-wall tube with suction or injection flow through the wall was experimentally studied. The experimental runs were executed at a fixed value of Reynolds number of inlet flow at about 25000 and with varying vw/u from -1.78X10"3to4.16X10"3.
Introduction
Drying and condensation from gas-vapor mixture have been studied as transport phenomenawith mass flux at the wall by many investigators.
In these phenomena, however, the mass flux is not too large.
Since transport phenomenawith high mass flux are applied to practical use, fundamental study of this subject is required.
For this purpose, several investigations have been executed on the boundary layer developing on a porous flat plate from which the fluid is injected or sucked, but the experiments of injection and suction were studied separately1'3'4-8).
In the previous paper6), similar but comprehensive experimental studies in a circular tube for cases of both injection and suction were reported. In that paper6), however, the average values of measurements over a whole length of porous tube were used to calculate the result, and it was assumed that the radial distribution of shear stress is linear as in the case of no radial mass flux.
In this paper, the above-mentioned weak points will be revised.
Namely, the experimental apparatus was so made as to obtain axially local values of measurements, thus the radial distribution of shear stress was found to be non-linear in flow with high radial mass flux.
This fact will be taken into account, and the local radial distributions of axial velocity and local shear stress at the tube wall will be used in the calculation of the results.
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Experimental
Apparatus and Procedure
The experimental apparatus is shown schematically in Fig. 1 . The process fluid, water, is maintained at 20 i 0.05°C in the reservoir tank (1) with a toluene expansion thermostat, and pumpedinto the test section (5) with a pump (2). The rate of this main flow is controlled by a valve (3) and measured by an orifice meter (4). In the case of sucked flow to the porous tube wall, the wall flux is controlled by a valve (6), and measured by an orifice meter (7). The water whichis sucked out also returns to the reservoir. In the case of injection flow, the water is pumped by a pump (8) and injected through the porous wall. The wall flux is controlled by a valve (9) and measured by an orifice meter (7). To check the material balance, the flow rate of the mainstream at the exit of test tube is also measured. The test section which is shown in Fig. 2 
Analyses and Results
To simplify the problem, it is assumed that the pressure is constant over a cross section because of comparatively small radial component of flow, and that the flux of injection or suction is constant over the whole tube surface. In addition, it is reasonable to consider that the fluid is incompressible and that the flow is axisymmetrical and isothermal.
The equations of continuity and motion are written in cylindrical coordinates as Eqs. (l) and (2) Substituting Eqs. (5) and (6) Replacing du, dp and dx in Eq.(9) with the measuredvalues ofdu, dp and dx between x/D = 40 and 49.3, one can calculate the distribution of shear stress at x/D=45. The results are plotted in Fig.6 , which indicates that the radial change of shear stress is almost linear between r/R = 0 and 0.95 but that there are very sharp changes near the wall. 
Eqs. (13) and (14) where R+ = R1/Tw/p \v Mech., 5, 1136 Mech., 5, (1925 10) Reichardt, M.: Z. Agnew. Math. Mech., 31, 208 (1951) The theoretical results agree well with experimental results in the cooling of a column of eggs.
Introduction
Furnas' solution4) of Schumann's equations9) of heat transfer from fluid to solid in a packed bed is used for estimating the cooling time and temperature distribution of piled farm products for cold storage.
However, owing to the fact that farm products often have large size and low thermal diffusivity, Furnas' solution is limited in its usefulness by Schumann's assumption that the particles comprising the bed are so small or have such high thermal diffusivity that any given particle may be considered as being at a uniform temperature at any instant. Sugiyama and Nagasaka10) introduced approximate equations for this problem assuming that the temperature gradient in the solid piece was expressed by the powerseries of r of polar cordinate in the spherical solid particles, and gave a numerical method of solution. Owingto the assumption of r power series, it seems to be rather complicated for calculation.
* Receivedon March2, 1970 140 The basic equations presented in this paper, which are two simultaneous partial integro-differential equations, precisely express the transient heat transfer in a packed bed for low and high thermal diffusivity of solid.
Assumption
The theory assumes that 1) Compared to the transfer of heat from fluid to solid, the transfer of heat by conduction in the fluid to solid, the transfer of heat by conduction in the fluid itself or in the solid itself is small and may be neglected;
2) The rate of heat transfer from fluid to solid at any point is proportional to the average difference in temperature between fluid and surface of solid at that point;
3) Change in volume offluid and solid due to change in temperature may be neglected; 4) The thermal constants are independent of the temperature; and 5) Solid particles have spherical shape, and ) JOURNAL OF CHEMICAL ENGINEERING OF JAPAN
